Abstract
Introduction
Tuna is known as one of export commodities of Indonesian government. Many species can be found in the area (Barata et al., 2011; Sala, 2012) . The production of large tuna group reached more than 1.35 million tons in the period from 2004 to 2012,. One of the important tuna species is bigeye tuna (Thunnus obesus) which has a proportion of 21% of the total production of large tuna group during that time. This value was the second largest after yellowfin tuna (Thunnus albacares) with 72% (DGCF, 2014) .
Bigeye tuna (T. obesus) is a highly migratory species which spread from tropical to sub-tropical waters. This species can be found in almost big ocean in the world such as Atlantic Ocean, Pacific Ocean and Indian Ocean. In Indonesia, the distribution of bigeye tuna stretch from West Sumatera Waters, South Java Waters, Banda Sea and Sulawesi Sea to North Papua Water (Froese and Pauly, 2016) .
With those potency, it is worthy if tuna become one important commodities in food sector. Moreover, Indonesian Government initiates to increase the fishermen welfare through the increase of capture production. This program is one of several actions in Economic Policy Package to intensify the economy and improving people's welfare (Asril and Akuntono, 2015) . Additionally, Ministry of Fisheries and Marine Affairs had commenced the National Plan of Action (NPOA) for the management of tuna, skipjack and neritic tuna. This NPOA needs guideline in utilizing tuna resources and maintain their sustainability (DGCF, 2014) .
In order to increase the number of catches, appropriate strategy in fishing operations need to be implemented. One of the strategies that can be use is conducting the operations by observing the moon phase. Many fishermen believe that moon phase influence fishing activity and the number of catch. The objective of this study was to investigate the effects of different moon phase on the catch of bigeye tuna (T. obesus) in Eastern Indian Ocean.
Material and Methods

Data collection
Data collection was conducted from August 2005 to June 2014 in the tuna longline vessels based in the port of Benoa, Bali. Operation of longline tuna vessel per trip lasted from 3 weeks to 3 months. The form the number of bigeye tuna catch, total number of hooks per set and the position of fishing ground using Global Positioning System (GPS) were collected daily during the trip.
Sampling was done at area between 9ᵒ-16ᵒ S and 109ᵒ-120ᵒ E (Figure 1 ). This was applied to minimize the influence of different environmental conditions to the number of catches due to the different locations of fishing ground.
Moon phase data were collected from the same period from National Aeronautics and Space Administration (NASA) (Espenak, 2015) . These data divided into four categories i.e. first quarter, full moon, last quarter and new moon. Full moon and new moon period refers to full moon and new moon day ±3 days. Whereas in between period days were pooled as first quarter or last quarter periods. Catch rate of bigeye tuna (T. obesus) were sorted during these moon phases to evaluate the effect of moon phase on the catch of this species.
This study covered 62 trips and 1,480 numbers of operations or sets were conducted from sampled vessels. The highest number of trips occurred in 2006 with 10 trips. However, the highest number of setting occurred in 2008 with 276 sets. The total hooks are nearly 1.8 million hooks, thus it is around 180,000 hooks per year. The highest average number of hooks per set was 1,458 in 2005 and the lowest average number of hooks per set was 956 hooks in 2012 (Table 1) .
Data analysis
Data were analysed using the catch rate formula which defined as the number of catches per 100 hooks. It means that the amount of catches counted in proportion to the number of the hooks per set. The number of catch rate then sorted into each moon phases and analyzed using one-way Anova. This analysis was conducted to compare the effect of different moon phase to the catch rate of bigeye tuna. Post hoc test were applied to confirm the differences occurred among groups. All statistical analysis was run using SPSS Statistics 20. The limitation of this study is only to compare the effect of moon phase. Other circumstances such as fishing gear and other oceanographic condition were considered to be the same. 
Results and Discussion
Moon phase
The condition of bigeye tuna stock in Indian Ocean is in good condition, not over fishing. Therefore, the production of this species can still be increased with considering its sustainability (IOTC, 2013; ISSF, 2013) . Indonesian government, as a member of Indian Ocean Tuna Commission (IOTC) also has an obligation to play an active role in the management of this species in Indian Ocean. One of the steps to support this aim was conducting research and data collection to observe monitor tuna stock in Indonesian waters. Hence, the fishermen in Indonesia can utilize bigeye tuna resources without override its sustainability (FAO, 2012; DGCF, 2014 ).
In total there were different number of sets, total hooks and number of catches ( Table 2 ). The result showed that the average catch rate of bigeye tuna differed significantly among the moon phases (P<0.05). The result of Tukey post-hoc tests showed that the average catch rate at full moon was the highest among the groups with around 0.3/100 hooks. While the other moon phases (first quarter, last quarter and new moon) were around 0.2/100 hooks which not significantly different among them (Figure 2) .
Study on the effect of moon phase on the catch of fisheries resources have been done in recent years. These studies proved that there was relationship between moon phase and the catchability of pelagic fishes (Akyol, 2013) . Moreover, moon phase also considered to give an effect on the behavior, feeding habit, migratory pattern and spawning period of fish species (King, 2010) .
This study is the first published account to investigate the effect of moon phase on the catch of bigeye tuna (T. obesus) in Eastern Indian Ocean. However, there were several publications studied the effect of lunar cycle or moon phase on the catch Table 1 . Number of trip, number of settings, fishing ground and number of hooks per set of sampled longline vessels. (Sajeevan, 2013) , pelagic fish (Poisson et al., 2010) and striped marlin (Ortega-Garcia et al., 2008) . This study showed significant increased on the catch of bigeye tuna in Eastern Indian Ocean during full moon. The same result occurred on billfishes in Andaman Sea (Sajeevan, 2013) , swordfish (Xiphias gladius) and albacore (T. alalunga) in Western Indian Ocean (Poisson et al., 2010) where these fishes caught more during full moon.
The increase of fish catchability not only occurred during full moon. Other study showed that the fish catchability increased during new moon. As occurred in the albacore (T. alalunga) (Akyol and Ceyhan, 2012) and swordfish (X. gladius) (Akyol, 2013) fishery in Atlantic Ocean. This target species for gillnet fishery obviously indicated the increasing of swordfish when close to new moon and reach the peak during new moon (Akyol, 2013) .
Similar result also showed on the catch of swordfish in driftnet fishery in Italian Basin. The catch of this species increased twice during new moon compared to it during full moon. Furthermore, the catch of swordfish (X. gladius) also increased significantly during first and last quarter during moon phase (Poisson et al., 2010) . However, not all these studies showed the influence of moon phase on the fish catchability. Different result showed on the catch of striped marlin (Tetrapturus audax) in North Pacific Ocean. As one of the target species for sport fishing, the catch of striped marlin more influenced by weather condition rather than moon phase (Ortega-Garcia et al., 2008) . The comparison of the effect of moon phase on the fish catches was shown in Table 3 .
The result showed that fishing operation during full moon increased the catch of bigeye tuna. Therefore, the longline fishermen recommended conducting the operation during full moon. However, because longline fishing is long trip operation, that covered all the moon phases, it is suggested to modify the fishing gear and fishing strategy outside the full moon period. The modification can be change the length of the branch line and the length of float line. Besides that, the fishermen can change the bait into preferable one.
Conclusion
This study showed that moon phase had significant effect on the catch of bigeye tuna (T. obesus). The catch rate of bigeye tuna increased during full moon. Therefore, longline tuna fishermen recommended conducting fishing operation during full moon. Beside that time, the fishermen suggested to modify the fishing gear and fishing strategy to increase their catch.
